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1	Introduction






































































A B C D
Canister	length	range	(cm) 82	to	93 88	to	100 90	to	107 97	to	120
Canister	weight	(kg) 1.15 1.39 1.52 1.89
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Joint Motion Average	boundary	of	NM SDme SDbv
LL UL Interval LL UL LL UL
Neck Flexion(+)/extension(−) 5.6 18.0 12.4 2.7 1.5 12.4 10.1
Left(+)/right	lateral	flexion(−) −35.7 2.6 38.3 1.9 3.7 14.7 12.9
Left(+)/right(−)	rotation −26.6 −13.8 12.8 1.0 1.9 11.4 11.6
Shoulder Elevation(+)/extension(−) −4.6 56.6 61.3 4.1 4.8 21.9 26.8
Lateral(+)/medial	rotation(−) −17.0 27.6 44.7 3.0 2.8 17.3 21.2
Adduction(+)/abduction(−) 7.0 55.3 48.3 7.0 2.1 22.0 31.1
Elbow Flexion(+) 28.1 60.4 32.2 1.7 3.3 7.9 20.2
Wrist Flexion(+)/extension(−) −11.0 20.8 31.8 7.0 2.5 16.7 11.7
Supination(+)/pronation(−) 5.5 42.9 37.4 4.9 4.4 13.6 15.1
Ulnar(+)/radial(−)	deviation −2.3 23.6 25.9 4.0 11.2 16.4 12.9
Lower	back Flexion(+)/extension(−) −1.2 7.0 8.2 2.3 2.7 12.3 15.7
Left(+)/right(−)	lateral	flexion −7.2 −0.2 7.0 1.1 1.3 9.5 11.1
Left(+)/right(−)	rotation −17.3 −6.5 10.8 2.3 2.5 10.9 16.1
Right	knee Flexion(+) 8.7 14.2 5.6 1.8 1.2 4.4 5.4
Left	knee Flexion(+) 7.7 14.1 6.4 1.3 1.6 4.2 7.1















Joint Motion Cleaner	A Cleaner	B Cleaner	C Cleaner	D








































































































































































































































































Joint Motion Cleaner F-value p-value
A B C D
Neck Flexion/extension 26.3	(SE:	6.7) 26.6	(7.1) 29.8	(8.2) 35.8	(6.6) 2.03 0.124
Left/right	lateral	flexion 53.6	(5.1)	H 38.8	(5.3)	L 43.8	(5.1)	L 36.7	(5.7)	L 4.99 0.005
Left/right	rotation 29.0	(7.4) 22.6	(6.4) 24.4	(7.0) 27.2	(7.0) 1.46 0.238
Shoulder Elevation/extension 66.3	(5.1)	H 60.0	(5.7)	L 61.6	(5.3)	H,	L 60.9	(4.3)	H,	L 3.23 0.032
Lateral/medial	rotation 36.7	(5.6) 30.8	(5.4) 33.4	(6.3) 28.7	(4.6) 2.2 0.103
Adduction/abduction 71.4	(5.3) 71.7	(5.3) 72.5	(5.8) 67.1	(4.9) 1.73 0.175
Elbow Flexion 47.4	(4.6)	H 34.4	(5.5)	M 35.7	(5.9)	M 26.2	(5.3)	L 18.49 <0.0001
Wrist Flexion/extension 41.9	(7.1) 42.4	(6.8) 46.4	(7.5) 47.5	(6.6) 1.93 0.139
Supination/pronation 51.4	(5.0) 50.9	(5.3) 53.0	(5.5) 46.1	(5.0) 0.92 0.439
Ulnar/radial	deviation 41.6	(4.3) 47.0	(3.5) 44.4	(3.8) 43.0	(2.7) 1.35 0.273
Lower	back Flexion/extension 64.4	(7.6)	H 71.7	(6.4)	H 71.3	(6.4)	H 58.5	(8.6)	H 2.85 0.049
Left/right	lateral	flexion 46.6	(7.3)	L 54.2	(7.2)	H,	L 60.6	(6.3)	H 44.0	(5.5)	L 5.26 0.004
Left/right	rotation 29.9	(6.9)	H,	L 23.7	(6.3)	H,	L 21.2	(5.4)	L 35.9	(6.5)	H 3.09 0.037
Right	knee Flexion 25.8	(6.3) 31.2	(8.0) 29.0	(7.6) 30.5	(5.6) 0.47 0.704
Left	knee Flexion 36.8	(8.5) 37.1	(6.4) 35.2	(7.0) 36.7	(7.9) 0.07 0.976
Average	MS	score 44.6 42.9 44.2 41.7
Average	rank	(the	lower,	the	better) 2.4 2.5 2.2 2.9













































Joint Cleaner F-value p-value
A B C D
Whole	body 3.0	(SE:	0.6)	L 1.8	(0.5)	L 1.4	(0.4)	L 6.1	(0.7)	H 14.56 <0.0001
Neck 1.2	(0.4)	H,L 0.6	(0.2)	L 0.6	(0.2)	L 2.3	(0.5)	H 5.44 0.003
Shoulder 2.8	(0.5)	L 1.1	(0.3)	L 1.4	(0.4)	L 5.1	(0.8)	H 16.20 <0.0001
Elbow 2.7	(0.6)	L 1.7	(0.5)	L 1.8	(0.5)	L 5.2	(0.6)	H 13.56 <0.0001
Wrist 3.7	(0.6)	L 2.9	(0.5)	L 2.9	(0.7)	L 6.7	(0.6)	H 10.01 <0.0001





Right	knee 1.5	(0.5)	H,L 1.3	(0.4)	H,L 1.2	(0.4)	L 2.8	(0.6)	H 3.01 0.041









































































the	 scientific	 and	practical	 points	 of	 view.	First,	 the	defined	NM	could	 inspire	 product	 designers	 and	 engineers	with	 a	 better	 understanding	 for	 the	 affordance	 of	 product-use,	 and	motivate	 them	 to	 create	 new
interaction	designs	between	products	and	the	users.	Second,	the	proposed	method	may	allow	easy	access	to	the	systemically	measurement	of	NM	and	AM	on	a	target	product	and	simple	observation	of	the	similarities
and	differences	from	the	kinematic	point	of	view.	Lastly,	as	a	usability	tool,	the	quantified	MS	scores	help	usability	engineers	not	only	recognize	easily	which	product	produces	a	more	similar	product-use	motion	to
users’	NM,	but	also	quickly	rank	products	by	comparing	their	MS	scores.
Acknowledgement
This	research	was	supported	by	Basic	Science	Research	Program	and	Mid-career	Research	Program	through	the	National	Research	Foundation	of	Korea	(NRF)	funded	by	the	Ministry	of	Education,	Science
and	Technology	(NRF-2016R1C1B1008150 	and	NRF-2015R1A2A2A03005486 ).
References
Allie	P.,	Faiks	F.	and	Reinecke	S.,	Supporting	natural	human	motion	while	seated,	In:	Proceedings	of	the	Human	Factors	and	Ergonomics	Society	43rd	Annual	Meeting,	1999,	Human	Factors	and	Ergonomics	Society;
Houston,	TX,	USA.
Borg	G.,	Borg's	Perceived	Exertion	and	Pain	Scales,	1998,	Human	Kinetics;	Champaign.
Chang	J.,	Development	of	an	Ergonomic	Product	Design	Evaluation	Process	Using	Motion	Analysis,	(Unpublished	master’s	thesis)2007,	Pohang	University	of	Science	and	Technology;	South	Korea.
Chang	J.	and	You	H.,	An	ergonomic	product	design	evaluation	method	using	motion	analysis,	In:	Proceedings	of	the	2006	Fall	Conference	of	the	Korean	Institute	of	Industrial	Engineers,	2006,	Korean	Institute	of
Industrial	Engineers;	Seoul,	Korea.
Clamann	M.,	Zhu	B.,	Beaver	L.,	Taylor	K.	and	Kaber	D.,	Comparison	of	infant	car	seat	grip	orientations	and	lift	strategies,	Appl.	Ergon.	43	(4),	2012,	650–657.
Fostervold	K.I.,	Aaras	A.	and	Lie	I.,	Work	with	visual	display	units:	long-term	health	effects	of	high	and	downward	line-of-sight	in	ordinary	office	environments,	Int.	J.	Industrial	Ergonomics	36	(4),	2006,	331–343.
HFES300	Committee,	2004	HFES300	Committee,	Guidelines	for	Using	Anthropometric	Data	in	Product	Design,	2004,	Human	Factors	and	Ergonomics	Society;	Santa	Monica,	CA.
, ,	and	NRF-2016R1C1B1008150
Jung	K.,	Kwon	O.	and	You	H.,	Development	of	a	digital	human	model	generation	method	for	ergonomic	design	in	virtual	environment,	Int.	J.	Industrial	Ergonomics	39	(5),	2009,	744–748.
Jung	K.,	Kwon	O.	and	You	H.,	Evaluation	of	the	multivariate	accommodation	performance	of	the	grid	method,	Appl.	Ergon.	42	(1),	2010,	156–161.
Kumar	S.	and	Mital	A.,	Electromyography	in	Ergonomics,		first	ed.,	1996,	Taylor	and	Francis;	London.
Kwon	O.,	Jung	K.,	You	H.	and	Kim	H.,	Determination	of	key	dimensions	for	a	glove	sizing	system	by	analyzing	the	relationships	between	hand	dimensions,	Appl.	Ergon.	40	(4),	2009,	762–766.
Lee	H.,	Song	H.,	Lee	J.,	Jeoung	J.,	You	H.,	Jung	K.,	Chang	J.	and	Lee	W.,	Handle	Assembly	Rotatable	in	All	Directions	and	Cleaner	Having	the	Same	(U.S.	Patent	No.	7854039),	2010,	(U.S.	Patent	and	Trademark
Office).
Lowe	B.D.,	Wurzelbacher	S.J.,	Shulman	S.A.	and	Hudock	S.D.,	Electromyographic	and	discomfort	analysis	of	confined-space	shipyard	welding	processes,	Appl.	Ergon.	32	(3),	2001,	255–269.
Lu	J.,	Tada	M.,	Endo	Y.	and	Mochimaru	M.,	Ingress	and	egress	motion	strategies	of	elderly	and	young	passengers	for	the	rear	seat	of	minivans	with	sliding	doors,	Appl.	Ergon.	53,	2016,	228–240.
Moffet	H.,	Hagberg	M.,	Hansson-Risberg	E.	and	Karlqvist	L.,	Influence	of	laptop	computer	design	and	working	position	on	physical	exposure	variables,	Clin.	Biomech.	17	(5),	2002,	368–375.
Moore	C.W.,	Nimbarte	A.D.	and	Rajulu	S.,	Kinematic	compatibility	between	the	body	and	a	mock	spacesuit	during	basic	upper	body	motions,	Int.	J.	Industrial	Ergonomics	44	(5),	2014,	739–746.
Morag	I.,	Shinar	D.,	Saat	K.	and	Osbar	A.,	Trackball	modification	based	on	ergonomic	evaluation:	a	case	study	in	the	sociology	of	ergonomics	in	Israel,	Int.	J.	Industrial	Ergonomics	35	(6),	2005,	537–546.
Nordander	C.,	Balogh	I.,	Mathiassen	S.E.,	Ohlsson	K.,	Unge	J.,	Skerfving	S.	and	Hansson	G.Å.,	Precision	of	measurements	of	physical	workload	during	standardised	manual	handling.	Part	I:	surface	electromyography	of
m.	trapezius,	m.	infraspinatus	and	the	forearm	extensors,	J.	Electromyogr.	Kinesiol.	14	(4),	2004,	443–454.
Norkin	C.C.	and	White	D.J.,	Measurement	of	joint	motion,		fourth	ed.,	2009,	F.A.	David	Company;	Philadelphia.
Nyberg	P.	and	Kempic	J.,	Transforming	the	laundry	process,	Ergonomics	Des.	14	(2),	2006,	16–21.
Hansson	G.Å.,	Balogh	I.,	Ohlsson	K.,	Granqvist	L.,	Nordander	C.,	Arvidsson	I.,	Åkesson	I.,	Unge	J.,	Rittner	R.,	Stromberg	U.	and	Skerfving	S.,	Physical	workload	in	various	types	of	work:	Part	I.	Wrist	and	forearm,	Int.	J.
Industrial	Ergonomics	39	(1),	2009,	221–233.
Perotto	A.O.,	Anatomical	Guide	for	the	Electromyographer,		third	ed.,	1994,	Charles	C	Thomas	Publisher;	Springfield.
Qin	J.,	Chen	H.	and	Dennelein	J.T.,	Wrist	posture	affects	hand	and	forearm	muscle	stress	during	tapping,	Appl.	Ergon.	44	(6),	2013,	969–976.
Rempel,	D.,	and	Horie,	S.,	1994.	Effect	of	wrist	posture	during	typing	on	carpal	tunnel	pressure.	Effect	of	wrist	posture	during	typing	on	carpal	tunnel	pressure.	Proceedings	of	Working	with	Display
Units’	94,	27–28.
Rempel	D.,	Barr	A.,	Brafman	D.	and	Young	E.,	The	effect	of	six	keyboard	designs	on	wrist	and	forearm	postures,	Appl.	Ergon.	38	(1),	2007,	293–298.
Rose	M.J.,	Keyboard	operating	posture	and	actuation	force:	implications	for	muscle	over-use,	Appl.	Ergon.	22	(3),	1991,	198–203.
Smith	M.J.,	Karsh	B.-T.,	Conway	F.T.,	Cohen	W.J.,	Morgan	J.J.,	Sander	K.	and	Zehel	D.J.,	Effects	of	a	split	keyboard	design	and	wrist	rest	on	performance,	posture,	and	comfort,	Hum.	Factors	40	(2),	1998,	324–336.
Highlights
• A	new	usability	evaluation	method	was	developed	to	examine	products	in	terms	of	physical	usability.
• The	proposed	method	defined	a	new	usability	index	based	on	the	motion	similarity	(MS)	between	natural	(NM)	and	actual	product-use	motions	(AM).
• MS	helped	not	only	quantitatively	recognize	which	product	demonstrated	a	more	similar	motion	to	users'	NM	but	also	immediately	rank	products	based	on	MS.
• The	proposed	method	demonstrated	that	how	MS	is	associated	with	muscle	activities	and	subjective	discomfort	ratings	in	product-use.
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are	changeable	and	therefore	not	reliable	in	the	long	term.
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Query:	Highlights	should	only	consist	of	"125"	characters	per	bullet	point,	including	spaces.	The	highlights	provided	are	too	long;	please	edit	them	to	meet	the	requirement.
Answer:	•	The	motion	similarity	(MS)	between	natural	(NM)	and	actual	product-use	motions	(AM)	was	proposed.
•	MS	quantitatively	identified	which	product	showed	similar	motions	to	users’	NM	and	ranked	products	based	on	MS.
•	MS	was	related	to	muscle	activities	and	subjective	discomfort	ratings	in	product-use.
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